The association between potentially inappropriate medications (PIM) use and nutritional status is unclear in Japan. The aim of the present study was to establish whether PIM use during hospitalization affects the nutritional status among geriatric patients in the convalescing stage.
Introduction
Most older people who undergo rehabilitation are malnourished. 1 The frequency of malnutrition is 49-67% in older people who undergo rehabilitation during hospitalization. 2 In Australia, the nutritional status was evaluated using the Mini Nutritional Assessment-Short Form, and the results showed that among older individuals who were admitted to a rehabilitation hospital, 33% were diagnosed with malnutrition and 51.5% were at risk for malnutrition. 3 Furthermore, the majority of these malnourished older people are suddenly transferred to long-term care hospitals, and few of them return to their homes. 4 A systematic review showed that malnutrition in older patients admitted to a rehabilitation hospital negatively affected the functional recovery from rehabilitation and the quality of life after discharge. 5 Malnutrition in a rehabilitation hospital is an important factor that affects patient outcome. As shown in the classification of adult malnutrition, malnutrition in patients in convalescent rehabilitation wards is caused by starvation, and by exposure to acute and chronic illnesses. 6 In addition, we hypothesize that the influence of medications also causes malnutrition. Particularly, in older people, the manifestations of adverse drug events from an altered drug metabolism as a result of decreased liver and renal functions might affect the nutritional status.
Most patients admitted to a convalescent rehabilitation ward are elderly and often suffer from multiple comorbid medical complications before hospitalization. Therefore, inpatients tend to receive many different medicines -polypharmacy -thereby increasing the risk of adverse drug reactions. Polypharmacy can be defined as the treatment that includes potentially inappropriate medications (PIM), therapeutic duplication or medication underuse, which is combined with many drugs. 7 Of these factors, PIM carry more risks than benefits, and are associated with clinically significant drug-drug or drug-disease interactions. In 2015, the American Geriatrics Society (AGS) presented a revised Beers Criteria to include medications that should be avoided in older adults with certain diseases and syndromes, and medications that should be used with caution in them. The 2015 AGS Beers Criteria are widely used in geriatric clinical care, education and research, as well as in the development of quality indicators. 8 In our previous study, we showed that increased PIM use in geriatric patients might be an independent predictor of poor functional recovery, particularly by restricting the recovery of eating activities of daily living (ADL) during rehabilitation. 9 Older adults receiving PIM are more likely to present with malnutrition. In this context, reducing PIM use in older adults can reduce the risk of side-effects and improve nutrition. To the best of our knowledge, the effect of PIM use on nutritional status has been poorly documented. Therefore, the present study aimed to examine the effect of PIM on the nutritional status of geriatric patients.
Methods

Study design and participants
A retrospective longitudinal cohort study of 929 participants discharged from the convalescence rehabilitation ward at Hitachinaka General Hospital (Ibaraki, Japan) between July 2010 and March 2016 was carried out. The inclusion criteria were age ≥65 years. Participants who were transferred to another hospital for treatment of comorbidities, died in our hospital or had missing data were excluded. Participants were divided based on the presence or absence of increased PIM from admission to discharge to "PIM (+) group" and "PIM (−) group."
Investigation items
Data regarding the participants' basic information were collected from their medical records at admission and discharge, as appropriate. This included their age, sex, length of stay, bodyweight (BW), change in BW, body mass index (BMI), primary diagnosis, comorbidities, number of drugs prescribed, change in number of drugs, number of PIM based on the 2015 AGS Beers Criteria, change in number of PIM, Functional Oral Intake Scale (FOIS), Functional Independence Measure (FIM) and FIM gain. Laboratory data were also collected from medical records at admission and discharge. These included albumin (Alb), total protein and C-reactive protein levels. In addition, the change in the number of drugs or PIM was calculated as the 
Assessment
The present study used FIM as the ADL measurement. The FIM score, which includes 13 lower-order items regarding motor function (FIM-M) and five lower-order items regarding cognitive function (FIM-C), is one of the most common measures of ADL.
10
Each item is scored on a scale of 1 point (total assistance) to 7 points (complete independence). The FIM total (FIM-T) score therefore ranges from 18 to 126 points. FIM scores were assessed by the multidisciplinary rehabilitation team including a rehabilitation physician, registered dietitian, nurse, physical therapist, occupational therapist, speech language-hearing therapist, and pharmacist at admission and discharge. Based on clinical judgment, appropriate rehabilitation was offered to all participants, regardless of their FIM score, stroke severity or length of stay. Dysphagia was evaluated using the FOIS. FOIS is a 7-point (range 1-7) scale. Wherein the highest score indicates normal swallowing ability and the lowest score indicates the most severe impairment. 11 FOIS focuses on the feeding route and the food texture of a patient's daily diet, which is easy to obtain as part of a dietitian's assessment. Dietitians also recorded the FOIS at admission and discharge based on the diet served in the previous three meals.
Outcome measurement
The present study used the Geriatric Nutritional Risk Index (GNRI) as the main outcome measurement. , rather than the Lorentz formula. 14, 15 There is reportedly no difference in GNRI between the use of the Lorentz formula and BMI of 22.0 kg/m 2 for ideal BW. We divided patients into two groups according to GNRI at discharge: low GNRI (<92), indicating moderate or severe nutritional risk; and high GNRI (≥92), indicating low or no nutritional risk. 16 
Statistical analysis
All statistical analyses were carried out using JMP Pro (Version 13, SAS Institute, Cary, NC, USA). Data with a normal distribution were described by mean AE standard deviation. If not normally distributed, data were described by median (interquartile range 25th-75th percentiles). A P-value <0.05 was considered statistically significant. Student's t-test, Mann-Whitney U-test, Kruskal-Wallis test and χ 2 -test were used to analyze the differences between groups.
Spearman's rank correlation test was carried out to detect the correlation coefficients between the factors. A multiple linear regression analysis was used to examine whether GNRI at discharge was independently associated with increased PIM. This included adjustment for covariates that included sex, age, BMI at admission, FIM-T at admission, Alb at admission, dementia, diabetes mellitus, Parkinson's disease and change in the number of PIM. Given several previous reports showed that both dementia 17 and
Parkinson's disease 18 were associated with malnutrition, we imported these factors to the regression equation. Multicollinearity was assessed using the variance inflation factor coefficient. The McNemar test was used to compare prescribed PIM at admission and discharge.
Ethics
The present study was carried out in accordance with the Declaration of Helsinki, and was approved by the ethics committee of Hitachinaka General Hospital and School of Pharmacy, Nihon University (16-003).
Results
Descriptive and univariate analyses
We enrolled 929 participants during the study period, but excluded 215 aged <65 years, 38 who were transferred to another hospital for treatment of comorbidities, 16 who died in our hospital and 17 with missing data. Accordingly, 643 participants with a median age of 79 years (interquartile range 73-85 years; 220 men) were included in the study, of whom 236 (36.7%) had cerebral infarction, 133 (20.7%) had intracerebral hemorrhage, 49 (7.6%) had subarachnoid hemorrhage, 110 (17.1%) had osteoporosis related diseases, 42 (6.5%) had disuse syndrome and 73 (11.4%) had others. Table 1 shows the demographic characteristics by the presence (n = 403) and absence (n = 240) of increased PIM during hospitalization. Significant differences were BW at admission and discharge, change in BW, BMI at discharge, present for the diagnosis of diabetes mellitus and epilepsy, number of drugs at discharge, change in the number of drugs, number of PIM at admission and discharge, change in the number of PIM, FIM-T and FIM-M at admission, total protein and Alb at admission and discharge, and GNRI at discharge. Table 2 shows the association of GNRI at discharge with patient characteristics and laboratory data at admission and discharge. Significant correlations were present between age, BW at admission and discharge, BMI at admission and discharge, comorbidity of diabetes mellitus and dementia, the number of PIM at discharge, change in number of PIM, FOIS at discharge, FIM-T, FIM-M, FIM-C at admission, FIM-T gain, FIM-M gain, total 
Multiple linear regression analysis
We carried out a multiple linear regression analysis including sex, age, BMI at admission, FIM-T at admission, Alb at admission, dementia, diabetes mellitus, Parkinson's disease and change in the number of PIM as covariates. The analysis showed that sex, BMI at admission, FIM-T at admission, Alb at admission, diabetes mellitus and change in the number of PIM were independently associated with GNRI at discharge (GNRI at discharge = −2.735 × sex (male = 1, female = reference) + 1.045 × BMI at admission + 0.092 × FIM-T admission + 5.733 × Alb at admission -4.164 × diabetes mellitus (yes = 1, no = reference) − 1.417 × change in number of PIM + 35.832; R 2 = 0.153, P < 0.001) ( Table 3) .
Change in PIM during hospitalization
Participants receiving 0 or one PIM accounted for approximately 42% or 37% of the total population at admission, but this decreased to approximately 17% or 31% at discharge. In contrast, those with two, three and four or more PIM increased significantly from approximately 15%, 5% and 1% at admission, respectively, to 26%, 18% and 8% at discharge, respectively (Fig. 1) . Figure 2 compares the drugs prescribed at admission and discharge based on the 2015 AGS Beers Criteria. Benzodiazepines were the most commonly prescribed drugs at both times, accounting for >30% of total prescribing. First-generation antihistamine, antipsychotic, benzodiazepine, proton pump inhibitor (PPI) and NSAIDs use increased significantly over the same period.
Discussion
We had two important clinical findings. First, we showed that a change in PIM use correlated with the nutritional status on discharge of geriatric patients in a convalescent rehabilitation ward. Accordingly, increased PIM use during hospitalization might negatively affect the nutritional status on discharge. Second, the use of PIM, such as antipsychotics, benzodiazepines, first-generation antihistamines, PPI and NSAIDs, significantly increased from admission to discharge, suggesting that these drugs can affect the nutritional status. We reported that the recovery of the eating ADL was significantly more restricted in those using PIM than in those not using PIM. 9 Therefore, the present study implied that in patients using PIM, restriction of the recovery of the eating ADL might affect the nutritional status on discharge.
In patients who undergo rehabilitation, malnutrition is often caused by insufficient nutritional intake and inflammation. According to a previous report, most older patients at rehabilitation hospitals were malnourished. 2 The background of malnourished rehabilitation patients is described as follows: (i) almost every patient is in the malnourished state after suffering from an acute illness; (ii) many patients are elderly and have chronic disease complications; (iii) nutritional intake is insufficient before the disease or during the acute treatment; and (iv) nutrition management in the convalescent rehabilitation ward is inadequate. The present study showed that a change in PIM use was independently associated with the GNRI on discharge. In the univariate analysis, although GNRI on admission was good in both the PIM (+) group and the PIM (−) group, GNRI on discharge was 86.3 and showed malnutrition in the PIM (+) group, whereas it was 92.7 and showed good nutritional status in the PIM (−) group. Malnutrition can be induced by drugs. In general, it is known that NSAIDs, bisphosphonate drugs, opioids, anticancer drugs and others are associated with nutrition. However, no previous study in a clinical setting evaluating the association between medications and clinical nutrition is available. Therefore, the present study results can be of great clinical significance.
The present study showed that antipsychotic use increased to 13.9% between admission and discharge. As these drugs block dopaminergic neurons, the swallowing reflex might be inhibited, causing aspiration pneumonia. In addition, these drugs can cause extrapyramidal disorders, difficulties in opening and closing of the mouth, and limitations in lingual movement, making mastication and formation of a food bolus, as well as sending the food bolus into the pharynx, difficult. In clinical practice, older individuals taking antipsychotics have been reported to have significantly decreased swallowing function compared with individuals not taking such drugs. 19 The present study showed that FOIS on discharge was significantly lower in those using antipsychotics than in those not using antipsychotics (5.7 AE 1.4 vs 5.1 AE 1.5, P = 0.006). Accordingly, dysphagia as a result of antipsychotic use reduced dietary intake and might have affected GNRI. Benzodiazepines have a muscle relaxant effect, in addition to the sedative and hypnotic effects. Dysphagia might be caused by muscle relaxation associated with swallowing. Furthermore, because the majority of benzodiazepines are fat-soluble drugs, the volume of drug distribution is increased in older and obese people who have a relatively high proportion of adipose tissue. In older people, a decrease in the serum protein concentration decreases the binding of a drug, leading to an increased blood concentration of the free drug. Accordingly, toxic symptoms can appear even if the blood concentration of the drug is in the normal range. 20 The present study showed that the most often used benzodiazepines included ethizolam and ethyl loflazepate. These drugs have relatively strong muscle relaxant effects among benzodiazepines, and consequently decrease the driving force that transports a food bolus or causes muscle relaxation related to swallowing, which can reduce the eating and swallowing functions and affect GNRI. Furthermore, several of the antipsychotics, first-generation antihistamines and benzodiazepines that were prescribed have potent anticholinergic actions, which reduce the amount of saliva secretion and cause dry mouth, and can make formation of a food bolus difficult and cause dysphagia. Overall, these actions of drugs might affect the nutritional status of patients. In addition, the use of a combination of these drugs could potentiate anticholinergic effects. Therefore, both the individual action of a drug and its synergistic effects with other drugs must be considered. The long-term use of a PPI is associated with malnutrition, because it enhances the impaired absorption of vitamin B 12 21 and hypomagnesemia. 22 PPI is a frequently prescribed medication, particularly in many older people. However, a previous report showed that 25-70% of the PPI prescriptions were inappropriate. 23 Therefore, the use of PPI should be made as short as possible.
The reason for the increase in prescribing PIM in older people is probably their poor resistance to disease and vulnerability to stressful factors in their own body or from the environment. 24 Long-term hospitalization can induce mental disorders and increase the inappropriate use of drugs, such as antipsychotics or hypnotics. In the present study, benzodiazepine hypnotics were administered to patients with behavioral psychological symptoms of dementia or delirium; hydroxyzine, a first-generation antihistamine, was occasionally administered as an off-label hypnotic.
FIM-T, Alb and BMI on admission were also associated with nutritional status on discharge. The increased GNRI during hospitalization was an independent explanatory factor for the functional recovery of rehabilitation. 25 Furthermore, in older people, malnutrition on admission was not believed to affect the functional recovery. 26 The study findings suggested that nutritional status during hospitalization was associated with ADL. Indeed, in 2012, the American Society for Parenteral and Enteral Nutrition announced the inclusion of weight loss as a clinical feature of adult malnutrition. 27 In 2015, the European Society for Clinical Nutrition and Metabolism recommended weight loss as a diagnostic criterion for malnutrition. 28 A previous report showed that a greater degree of weight loss decreased the FIM gain. 29 As aforementioned, our outcome was in line with the previous studies. In other words, given that actively improving the nutritional status might also improve the physical functions and ADL of malnourished patients, identifying drugs that can induce malnutrition is important. There were several limitations to the present study. First, because the study had a retrospective study design, a causal relationship between PIM use and nutritional status could not be established. Second, the contents of rehabilitation were not considered. Third, although Alb at admission between the PIM (+) group and PIM (−) group was within the normal range, there was a significant difference among groups. Thus, the nutritional status before admission was also important, and this factor might have affected GNRI at discharge. Fourth, the dose of each drug was not considered. Fifth, we could not sufficiently confirm the kind of meals of all patients during hospitalization. Finally, because data collection involved only recorded information from electronic charts, it could not be verified whether the patients actually took the dispensed medicines.
In conclusion, the present study showed that a change in the number of PIM during hospitalization was associated with nutritional status on discharge in geriatric patients. This finding can be helpful in the nutritional management of geriatric patients receiving rehabilitation. However, further studies are required to validate whether reducing PIM use can improve the nutritional status in the rehabilitation setting.
